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(57) Abstract 

A process for the manufacture of alkylbenzenes wherein a feed of fresh and recycle benzene and fresh olefin are reacted in 
the presence of an alkylation catalyst in an alkylalor having at least two reaction stages wherein each stage is adiabatic. Essential- 
ly all of the olefin is completely reacted in each stage of the allg^lator. Fresh olefin is fed into each stage of the alkylator. Prt- 
ferred alkylbenzenes which are produced by this process are ethylbenzene and cumene. 
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BAANUPACTDRE OP ALKYLBENZENB3 
This invention relates to the manufacture of 
alkylbenzenes by reacting benzene and olefin in the presence 
of an alkylation catalyst. More particularly, this 
invention relates to the manufacture of ethylbenzene and 
cumene by reacting benzene and ethylene or propylene in a 
staged alkylation reactor, in the presence of an alkylation 
catalyst. 

It has been known in the prior art to .manuf ac tur e 
alkylbenzenes by reacting olefins and benzenes in the 
presence of an alkylation catalyst e,g., a zeolite catalyst. 
In a typical process, an olefin and benzene are fed through 
the inlet of an alkylation reactor which contains an 
alkylation catalyst. The effluent is introduced into a 
separation and recovery section to recover benzene, the 
desired alkylbenzene product (usually monoalkylbenzene) , 
polyalky Ibenzenes , so-called heavy ends, in particular 
diphenyl alkane. Polyalkylbenzenes may be directed to a 
t ransalky la tor to be converted into more desirable 
monoalkylbenzene. Benzene may be sent to a transalky lator 
or recycled to the alkylator to be converted to 
alkylbenzenes. 

In accordance with one embodiment of the present 
invention, benzene is alkylated in the presence of an 
alkylation catalyst by introducing a mixture of fresh and 
recycle benzene into an alkylator having at least two 
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^itH fresh feed olefin being introduced 

r::r:; u .u«u.. « ... ...... 

raaetion stages ioes -ot exca.d th. 

th. preceding reaction stag.. Mo.t ^"i"">Y' . ' 

L.ratur. condition. In each .tage r«n..n the same. 
IZZZ: tH. o.af.n ...ant.aU, '^^[^^ 
with the banzan. in aach reaction .tag. »' /^f^ t .ion ' 
Essentially all of .he benzene required " ^^'J^^, 
I, introduced Into th. first alkylat.on stage, although 
IS mtroau -.^ .ach alkylation stage, if 

a e relation is e«ther«ic. the efflnent 

"lZ:Jly cooled between stages in order to n..nta.n 

'-'t; rrn::::.::r:r::: i:.-:!:::::; th. o..r.u 

henzen. to aUyl group ratio is " ^^"^ 

,5.1 Drefetably from about 3.1 to rtout 10=1. 

■l another «nbod.n,.nt of .he present invention, benzene 
is allcylated with an olefin, and effluent from th. 
ll.ylator, in combination ..th racycle polyalkylbenzene, 
s nti^nriueed into a transalkylatop . 

'" T he tranaauylator. Phenyl to al.yl ."-^'tTs 
from about . to SO, preferably from about « 

m accordance with a further embodiment of the present 

invention, Ln producing cumene, ^'-^•^V'^"""'' '"j/^ 
mixture of di.licyl and trt.lkylb.nzene, are recovered from 
: aviation effluent with the *'«'''Vlbenzene 

recycled to the alkyUtor and th. mixture of diaUylbenzen. 
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and tr ialkylbenzenes being introduced into a t ransal ky 1 a tor 
to produce additional cumene. In this embodiment, the 
dialky Ibenzene introduced into the alkylator is essentially 
free of t r ialkylbenzene* 

In accordance with yet another embodiment, there is 
provided a procedure for recovering materials from an 
alkylation effluent which includes a benzene column to 
recover unreacted benzene, a monoalky Ibenzene column to 
recover alkylation product* and which may further include a 
polyalkylbenzene column to separate po.lyalky Ibenzenes from 
heavier products. In accordance with one aspect, a portion 
of the bottoms fraction from the monoalkylbenzene column is 
passed to a stripper column to strip polyalky Ibenzenes from 
said bottoms fraction and produce a remaining heavy material 
which includes d i phenyl alkane • The majority of the bottoms 
fraction from the monoalkylbenzene column is introduced into 
a t ransalky la tor . As hereinafter described, the heavy 
material may be reacted to convert dipheny lalkarie to 
polyalkylbenzene, monoalkylbenzene and benzene* In another 
aspect, a major portion of the mpnoalkyl Ipenzene column 
bottoms may be introduced Into the transaiky lator and a 
remaining portion directly into a di pheny lalkane converter, 
as hereinafter described. In these aspects, the 
dialkylbenzene column is eliminated^ 

In accordance with yet another embodiment of the 
present invention, heavier materials produced in the process 
(diphenylalkane) are converted to polyalkylbenzene, 
monoalkylbenzene, and benzene by use of an alkylation 
catalyst, and in particular a zeolite catalyst. The bottoms 
from the polyalkylbenzene column (if employed) or a portion 
of the bottoms from the monoalkylbenzene column may be used 
as a feed to the d i phenylalkan^e converter. The conversion 
of diphenylalkane may be accomplished in a separate, reactor 
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or the conversion may be aeeompli^hed in conjunction with 
recovery of various components? for example by use of a 
zeolite alVcylation catalyst tn an evaporator or stripper for 
re<sovering various components. The reaction effluent from 
the diphenylalkane conversion is subjected to a suitable 
recovery operation to separate and recover the various 
components of such effluent. Di phenyl alkane conversion 
conditions are at a temperature, from about 350 "F to about 
gao 'F, preferably from about 450T to about .700 "F. and for 
a residence time from about 5 minutes to about 80 minutes, 
preferably from about 10 minutes to about 60 minutes. 

The preferred alky Ibenzenea produced by the processes 
of this invention are cumene, also known as 

isopropylbenzene, and ethylbenzene. Cumene is produced from 
an alkylator feed of benzene and propylene, and ethylbenzene 
is produced from an alkylator feed of benzene and ethylene. 
Preferred distillation apparatuses used in connection with 
the processes of the present invention include a flasher 
column, a benzene column from which a portion of the benzene 
may be recycled to the alkylator, an ethylbenzene or cumene 
column, and/or a polyalky Ibenzene column from wh-ich may be 
recovered di-isopropylbenzene, tr i^isopropylbenzene. or 
polyethylbenzene. Heavy ends that are produced in these 
processes include di phenylpropane and diphenylethane. In 
the manufacture of cumene, the alkylator and/or 
transalkylator effluent may pass through a depropanizer 
prior to being distilled. In the manufacutre of 
ethylbenzene, the effluent of the alkylator and/or 
transalkylator may pass through an aromatics recovery and/or 
flash column before entering the distillation apparatus. 

The staging of the alkylation reaction by feeding 
olefin at the inlet of each stage of the alkylator enables 
excessive temperatures to be avoided and to reduce the 
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overall benzene to olefin ratios while maintaining the ratio 
in each stage at a value high enough to reduce the 
temperature rise in each stage to improve thereby 
selectivity and lengthen catalyst life. Lower temperatures 
etiable the maintenance of the liquid phase in the presence 
of the zeolite catalyst and will prolong the time before the 
zeolite catalyst must be regenerated. The staging also 
helps increase yield of the desired alkylbenzene product and 
reduces the benzene recycle rate. 

Thus in a preferred aspect, the number of stages and 
the amount of olefin introduced in each stage are 
coordinated to limit the temperature rise in each stage as 
hereinabove described. The higher the benzene to olefin 
ratio in each stage the lower the temperature rise in each 
stage. 

Alkylation conditions for each adiabatic stage of the 
alkylation reaction area zone may be as follows: 

TABLE 1 

Broad Range Preferred Range 

Outlet Temperature, *F 150-900 200-800 

Pressure, psig 150-2,000 250-1,000 

Total LHSV 2-1,000 4-100 

In the manufacture of cumene, the overall benzene to 
propylene ratio. Including isopropyl groups, is from about 
2:1 to about 10:1, preferably at least about 3:1. In the 
manufacture of ethy Ibenzene , the overall benzene to ethylene 
group mole ratio is from about 2:1 to about 15:1, preferably 
from about 3:1 to 10:1. 

The invention will now be described with respect to the 
drawings, wherein: 
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Figure 1 is a schematic diagram of an embodiment of an 
apparatus for the manufacture of cumene in accordance with 
the present invention; 

Figure 2 is a schematic diagram showing the use of an 
"integral" t ransalkylator in accordance with an embodiment 
of the present invention? 

Figure 3 is a diagram of a di-isopropylbenzene column 
wherein a p^ortlon of the dl-f sopropylbenzene is passed to an 
alkylatorj 

Figure 4 is a diagram of a stripped of cumene column 
bottoms; 

Figure 5 ts a diagram of a diphenyl propane converter 
which coaverts a feed of cumene column bottomsf 

Figure 6 is a schematic diagram of aa embodiment of an 
apparatus for the manufacture of ethylbenzene in accordance 
with the present inveation; 

Fig^ure 7 is a schematic diagram of the use of an 
"integral" transalkylator used in the manufacture of 
ethylbenzene in accordance with the present invention; 

Figure S is a diagram of a stripper of ethylbenzene 
column bottoms; and 

' Fig^ure 9 is a diagram of a diphenylethane converter 
which converts ethylbenzene column bottoms or a stripped 
ethylbenzene column bottoms purge stream. 

Referring aow to the drawings, la the manufacture of 
cumene, a mixture of fresh and recycle benzene and fresh 
propylene is fed iato aa ialet of alkylator 10 through line 
11 as shown in Figure 1^. Propylene from line 12 joins the 
benzene in line 11 before entering alkylator 10. The 
alkylator preferably has from 2 to 4 stages. For purposes 
of illustration, alkylator 10 has two stages, 14 and 16. In 
these stages 14 and 16 is contained aa alkylation catalyst. 
Preferred examples of catalysts which may be used in this 
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invention are zeolite X, zeolite Y, zeolite L, zeolite Beta, 
ZSM-5, Omega crystal zeolites, mordenite, chabazite., etc. 
In addition to being fed into stage 14 of alkylator 10 
through line 11, fresh propylene is also fed into stage 16 
of alkylator 10 via lines 13 and 1S» The reaction 
conditions are the same as those described in Table 1. 
Substantially all of the propylene fed into alkylator 10 
through lines 11 and 15 is reacted with the benzene in 
stages 14 and 16. respect ively. 

In each of stages 14 and 16^ it is preferred that an 
adlabatlc reaction takes place. It is also preferred that 
the temperature rise in each of the stages 14 and 15 of 
alkylator 10 is no more than lOO^Pr preferably no more than 
75^F. The feed propylene concentration may be as low as 
50vol. %, but the presence of other olefins could cause the 
formation of unwanted alkylbenzene products which could 
lower cumene purity. A small degree of t ransalkyla t ion may 
also occur in stages 14 and 16 of alkylator 10. All of the 
benzene is introduced into stage 14 and essentially all of 
the propylene introduced into stage 14 is reacted with the 
benzene prior to passage of the effluent from stage 14 into 
stage 16. The effluent from stage 14 prior to combination 
with propylene in line 13 is cooled In heat exchanger lOA. 
As hereinabove described, in a preferred embodiment the 
cooling is effected to achieve temperature conditions in 
stage 16 similar to those for stage 14. 

The effluent from the second stage 16 of alkylator 10 
enters a distillation system which recovers propane, recycle 
benzene, cumene product, di-i sopropylbenzene > tri- 
isopropylbenzene, and so-called heavy ends bottoms which 
contains diphenylpropane . The effluent from alkylator 10 
passes through line 17 to flasher 23. Benzene and heavier 
aromatics pass through line 24 to benzene column 20. 
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Prapane and some benzene ate withdrawn from flasher 23 as 
overhead and are passed through line 19 to depropanizer 18. 
Propane Is distilled off through Line 21, and the benzene is 
recycled through lines 22 and 27 to alkylator 10. 
Alternatively, the effluent from alkylator 10 is passed 
direetly to depropanirer 18. Propane is then distilled off 
through line 21, and benzene and heavier aromatics recovered 
as bottoms are passed to benzene column 20 through line 22'. 
Benzene overhead withdrawn from benzene .column. 2tt through 
line 25a passes through lines 25b, 26> aad 27 as recycle 
benzene to alkylator 10^ The bottoms effluent from benzene 
column 20 passes through lines 28, 29, and 30 to cumene 
column 32 wherein cumene product is distilled off through 
line 3t. The bottoms from cittnene column 32 passes through 
lines 33, 34 and 35 to di-isopropylbenzene or DIPB column 
36, to separate di-and tri-propylbenzenes as overhead. So- 
called heavy ends r in particular di -phenyl propane , is 
withdrawn from DIPB column 36 through line 37. 

When a portion of the cumene column bottoms is not sent 
to diphenyl propane converter 66, the DIPB column 36 is 
used. Cumene column bottoms are introduced into the DIPB 
column 36 through line 35. The overhead is introduced to 
transalkylator 42 as described below. Heavy ends are 
withdrawn through line 37 and passed to diphenyl propane 
converter 66. Unconverted heavy ends are withdrawn from 
diphenyl propane converter 66 through line 67, and lighter 
aromatics are withdrawn through line 68 to be returned to 
the benzene column 20 or to the DIPB column 36 for further 
distillation and/or processing. Catalytic conversion 
conditions for the heavy ends introduced Into the diphenyl 
propane converter 56 through line 37 are the same as those 
when the bottoms from a cumene column are introduced. The 
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diphenyl propane converter may also function as an 
evaporator. 

The overhead of the DIPB column, 36 containing 
principally di- i sopropylbenzehe (DIPB) and tri- 
isopropylbenzene, (TIPS) is passed through lines 38, 39 and 
41 to transalkylator 42. Also being transported to 
transalkylator 42 is an excess of recycle benzene in line 40 
which has been recovered from benzene column 20. This 
recycle benzene is diverted from line 26 to line 4.0 to be 
mixed with the DIPB and TIPB at line 41. The benzene, DIPB, 
and TIPB then enter transalkylator 42. Transalkylator 42 
may contain the same type of catalyst contained in alkylator 
10. 

Transalky lat ion conditions may be as follows: 

Broad Range Preferred Range 

Temperature 150-900 300-550 

Pressure, psig 150-2,000 250-1,000 

Total LHSY 1-1,000 2-100 

Phenyl to 
Alkyl Group 

Ratio 2-50 4-25 

The reactions which take place in transalkylator 42 are 
equilibrium-limited. The transalkylator 42 operates 
Isothermally because there is almost no heat of reaction. 
The reactions which take place in transalkylator 42 are are 
f ol lows : 

Benzene + DIPB 2 cumene 
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Camene + TIPB 2 DIPB 

An excess of beiiMne is required to preserve catalyst 
activity and to move the equilibrium of these reactions 
toward cumene, thus obtaining higher DIPB and TIPB 
conversions. 

The transalkylator effluent is passed through lines 43 » 
44, and 45 to benzene column 20 in that the effluent does 
not contain propane. The effluent is then distilled in 
benzene column 20, cumene' column 32, and DIPB column. 36. as 

described above. 

The transalkylator effluent can be diverted from line 
45 and passed through lines 46, 47 and 48 to flasher 50. 
The flasher 50 flashes benzene, which passes through lines 
51, 52, 53 and 54 to line 26 as recycle, while the remainder 
of the fla-sher effluent is passed through line 49 to benzene 
column 20. 

Another embodiment of the present invention involves 
the use of an "integral" transalkylator as shown in Figure 
2. In this process fresh feed and recycle benzene and fresh 
feed propylene are introduced into the alkylator LQ in the 
same method as given in the description of Figure 1. In 
this embodiment, however, the effluent from alkylator 10 is 
passed through line 17 to transalkylator 42 instead of to a 
distillation apparatus beginning with a flasher and a 
depropanizer. Transalky let ion takes place in transalkylator 
42 in the presence of an alkylation catalyst. The effluent 
from transalkylator 42 then passes to a distillation and 
recovery system (for example as described with reference to 
Figure 1) to recover cumene r benzene,, propane and DIPB and 
TIPB and heavy ends. Propane is recovered through line 21, 
benzene through line 25, cumene through line 31, and heavy 
ends through line 37. DIPB and TIPB are withdrawn through 
lines 38, 39 and 41.' Line 41' transports the DIPB and TIPB 
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to line 17, where the DIPB and TIPB is combined with the 
effluent from alkylator 10. In this process, no recycle 
benzene is mixed with the DIPB and TIPB introduced into the 
t ransalkylator 42. The result Is a reduction in benzene 
recycle. 

In a modification of the processes shown in Figures 1 
and 2, the DIPB column (Fig. 3) is operated to recover di- 
i sopropyl benzene as overhead (line 58) a mixture of di-and •• 
t r i-i sopropylbenzene as a side stream (line 38). Cumene 
column bottoms are introduced into the DIPB column 36 
through line 35. Heavy ends are withdrawn through line 37. 
The DIPB overhead is withdrawn from DIPB column 36 through 
line 58 for direct introduction into alkylator 10. In this 
way, a portion of the DIPB is transported directly to the 
alkylator 10 as opposed to being transported to a 
t ransalkylator . The rest of the DIPB and the TIPB are 
withdrawn from DIPB column 36 through line 38, for 
introduction into t ransalkylator 42 as described above. In 
this process, the benzene, recycle is increased ovjer that of 
the "integral" t ransal ky later process shown in Figure 2, but 
yield loss is reduced and catalyst activity is maintained at 
a desirable rate. 

Alternative processes for recovering and converting 
cumene column bottoms are shown in Figure 4 and 5. In 
Figure 4, a major portion of the cumene column bottoms in 
line 35' is passed through lines 62 and 64 directly to 
t ransalkylator 42. A remaining stream of cumene column 
bottoms is passed through line 35' to stripper 60 to strip 
polyalkylbenzenes from heavy ends. Heavy ends are withdrawn 
through line 61. The overhead from the stripper 60 is 
withdrawn through lines 63, and 64 and transported to 
transalky later 42. Although a stripper is shown, an 
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evaporator or other equipmeat may be used. In this 
embodiment there is no DIPB column. 

in Flffure S, a portion of the cumene column bottoms m 
line 35 is diverted to trensalkylator 42 through lines 62 
and 64. Another portion of the cumene column bottoms is 
transported through line 35" to diphenylpropane converter 
66. in this embodiment, there is no DIPB column. Contained 
vrlthin diphenyl propane converter 66 is a zeolite alkylation 
catalyst which is' able to convert a substantial portion of 
the cumene column bottoms from line 35" into lighter 
aromatics such as benzene, DIPB, and TIPB. Unconverted 
heavy ends are withdrawn through line 67, while the lighter 
aromatics are withdrawn through line 66 to be returned 
ultimately to the benzene columrt 20. Catalytic conversion 
conditions In diphenyl propane converter 66 are at a 
temperature from about SSO'F to about BOOT, preferably from 
about 450'F to about TOO-^F, and a residence time from about 
5 minutes to about 80 minutes, preferably from about 10 
minutes to about 60 minutes. The diphenyl propane 
converter, in one embodiment, may function as an evaporator. 

In Fi^re 6 there is shown a process of the present 
invention which is employed in the manufacture oi ' 
ethylbenzene. Fresh and recycle benzene enter alkylator 110 
through line 111. The allcylator 110 may ^^^^ ^"'^ ^^^J; 
four stages. For purposes of illustration, alkylator 110 
has two stages 114 and 116. Fresh ethylene passes through 
lines 112 and 111. to enter stage 114 of alkylator 110. as 
well as passing through lines 113 and 115 to enter stage lU 
of alkylator 110. In each of stages 114, 116 is an 
alkylatlon catalyst. The reacting mixture temperature rises 
across each stage no more than lOQ-P, E^referably no more 
than 75'F; however, cooling is preferably effected between 
stages so that the maximum, temperature at the exit of each 



-13- 

stage is approximately equal. The ethylene reacts 
substantially completely with the benzene at each stage of 
aUylator 110. Staging of the reaction with respect ta 
ethylene addition and cooling improves yield and helps to 
prolong the life of the catalyst. The overall benzene to 
olefin ratios are reduced while the benzene to olefin ratio 
in each stage is maintained high enough to reduce the 
temperature rise In each stage to improve selectivity and 
lengthen catalyst life. 

Feed ethylene concentrat ion may be as low as about 30%» 
however, the presence of higher olefins may cause the 
production of by products such as cumene wlvich may be 
difficult to separate from the desired ethylbenzene product. 

Inert gases such as methane, and ethane, as well as 
some aromatics, leave alkylator 110 through line 117 to 
aromatics recovery zone 70. The inert gases are withdrawn 
through line 69. Aromatics are withdrawn through lines 71, 
72, 80 and 81 and passed to benzene column 120, wherein 
these aromatics will be distilled. 

A liquid phase is withdrawn from alkylator 110 through 
lines 73 and 74 to benzene column 120 or to an optional 
flash column 76.. Flash column 76, when used, vaporizes much 
of the benzene. The bottoms of the flash column 76 is 
withdrawn through lines 80 and 81 to benzene column 120, 
while the overhead travels through lines 75, 77, 78 and 79 
to line 126, wherd this overhead is misted with distilled 
benzene to form a recycle benzene stream in lines 126 and 
127. Line 127 carries the recycle benzene to line 111 which 
leads to alkylator 110. 

Distilled benzene is withdrawn through lines 124, 125 
and 126 and then is transported to line 127 as a recycle 
benzene stream. The bottoms of the benzene column 120 is 
withdrawn through line 128. and transported through lines 129 
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a.nd lao to ethylbenzene column 82. Ethylbenzene is 
withdrawn from ethylbenzene column 82 through line 83, while 
the bottoms is withdrawn through line 84 and transported 
through lines 85 and 86 to polyethylbenzene (PEB) column 88. 
The PEB is withdrawn from PEB column sa through line 89, and 
transported through lines 90 and 91. The PEB then joins 
with a benzene stream from line 140, said stream having been 
diverted from line 126, a.nd travels through line 141 to 
trahsalkylator 142. in transallcylator 142, the PEB and 
benzene are reacted In the presence of a catalyst to form 
ethylbenzene. The transalkyiator 142 operates isothermal ly 
because there is essentially no heat of reaction. The 
reactions are also equilibrium- limited. The equilibrium 
reactions are as follows: 

Benzene + diethylbenzene 2 ethylbenzene 
Ethylbenzene + tr lethylbenzene 2 diethylbenzene 
An excess of benzene Is required to preserve catalyst 
activity and to move the equilibrium toward ethylbenzene, 
thus obtaining high conversions of diethylbenzene and 
triethylbenzene. The transalkylat ton effluent then travels 
through lines 143, . 144, 145 and 92 and then joins with 
alkylator effluent in line 74 and travels to the flash 
column 75, thus accomplishing a recycle to the distillation 
train. Alternatively, the transallcylator effluent may be 
processed separately through the benzene column 120. Also, 
some diethylbenzene may be fed to alkylator HQ, where 
transalkylation may take place to some extent in either or 
both of stages 114 and 116» 

The PEB column bottoms r which contain 
tetfaethylbenzene, dipheny lethane, and other high-boiling 
aromatlcs, are withdrawn from PEB column 88 through line 87. 
travel through lines S3 and 94 tc DPE (dlpbeny lethane ) 
converter 95 wherein the FEB column bottoms is converted to 



1 1 V./ K»^9 



-15- 

benzene, ethylbenzene and diethylbenzenei as well as a small 
amount of hi^h boiling aromatics in the presence of a 
zeolite catalyst. Catalytic conversion conditions for the 
DPE converter 96 are temperatures of about 350^F to about 
800*P, preferably from about 450®F to about 700*"?, and 
residence times from about 5 minutes to about 80 minutes, 
preferably from about 10 minutes to about 60 minutes. The 
heavy ends are withdrawn from DPE converter 96 through line 
95, while the lighter aromatics are withdrawn through line 
97. A portion of the lighter aromatics is passed through 
lines 140, 141 to t ransalkylator 142. Another portion is 
passed through lines 98, 99 and 81 to benzene column 120. 

In an alternative embodiment shown in Figure 7, the 
overhead from FEB column 88 is withdrawn through lines. 89, 
90, 91 and 141' to line 117 wherein the FEB column overhead 
is mixed with the effluent from alkylator 110 in line 117 
before travelling to a so-called "integral" transalky lator 
142. Transalkylat i on takes place in the presence of a 
catalyst. The effluent from transalky lator 142 is then 
withdrawn through lines 100, 101 and 102 and transported to 
the distillation portion of the apparatus, beginning wi th 
benzene column 120. The use of an "integral^ . 
transalky lator reduces the amount of benzene recycle. 

Alternative embodiments for converting the ethylbenzene 
column bottoms are shown in Figures 8 and 9. In Figure 8, a 
purge streeun of the ethylbenzene colurhn bottoms is passed 
through line 86' to stripper 88^ in order to remove heavy 
ends, while the major portion is diverted through line 103, 
which carries most of the ethylbenzene column bottoms to 
line 141, where the ethylbenzene column bottoms are passed 
to transalky lator 142. The heavy ends recovered from the 
stripper is introduced into the dipheny lalkane converter 
through 1 i ne 87 ' . 
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in Figure 9, the ethylbenzene column bottoms are fed 
directly through line 86" to DPB converter 96, or a stripped 
ethylbeazene column bottoms purge stream which was fed to 
stripper 88' is fed to DPE converter 96 through line 87'. 
In cases where the DPE converter is fed with ethylbenzene 
column bottoms directly or fed with an ethylbenzene column 
bottoms purge stream, the DPE converter 96 functions as an 
evaporator. When the DPE converter is fed with ethylbenzene 
column bottoms directly or with a purge stream, the PES 
column is eliminated. Conversion takes place in the 
presence of a zeolite catalyst at the DPE conversion 
condtions mentioned abave. Heavy end* are withdrawn through 
line 95, and the overhead light arpmatics effluent is 
withdrawn through line 97 for transport to transalkylator 
142 or benzene coliann 120, 

It Is to be understood, however, that the scope of the 
invention is not to be limited to the specific embodiments 
described above. Variations of different aspects of the 
processes of this invention may be made and still be within 
the scope of the accompanying claims. 



YYKJ oy/ i\My IV 



-17- 



WHAT IS CLAIMED IS: 

1. A process for alkylation of benzene in the 
presence of an alkylation catalyst, comprising: 

introducing benzene into an alkylator having at least 
two reaction stages, each containing alkylation catalyst 
said benzene being introduced into at least the first stage, 
and introducing a feed of fresh olefin Into each of said at 
least two stages of said alkylator. 

2. The process of Claim 1, wherein each of said at 
least two reaction stages is adiabatic. 

3. The process of Claim 2 wherein the alkylation 
conditions in each of said at least two reaction stages are 
at temperatures from about ISO^F to about 900^F, at a 
pressure from about 150 psig to about 2^000 psig^ and an 
overall benzene to olefin ratio from about 2:1 to about 
15:1. 

4. The process of Claim 3 wherein the alkylation 
conditions in each of said at least two reaction stages are 
at temperatures from about 200"*? to about SOO^^F, and a 
pressure from about 250 psig to about 1,000 psig. 

5. ' The process of Claim 1 wherein the temperature 
conditions of each stage of said alkylator remain 
essentially the same. 

6. The process of Claim 1 wherein the temperature 
rise in each stage of said alkylator does not exceed about 
lOO^F. 

7. The process of Claim 6 wherein said temperature 
rise in each stage of said alkylator does not exceed about 
75^F. 

8. The process of Claim 6 wherein cooling occurs 
between each of said stages of said alkylator. 
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9. The process of Claim 1 wherein said olefin is 
essentially completely reacted with said benzene in each 
reaction stage of said atkylator. 

10. The process of Claim 9 wherein essentially all of 
the benzene requirements for the alkrylation are introduced 

into the first stage. 

11. A process for producing alkyl benzene from olefin 

and benzene, comprisingt . . ' 

reacting benzene and .olefin in an alkylation zone to 
produce an alkylation effluent containing raono-and 
polyalkylbenzene; . 

introducing alkylation effluent and recycle 
polyalkylbenzene into a transalkylatlon zone to convert 
polyalkylbenzene to monoalky I benzene and produce a 
transalkylatian effluent containing monoalkyl and 
polyalkylbenzene 5 

recovering monoalkylbenzene product and recycle 
polyalkylbenzene from the transalkylation effluent; and 
passing recycle polyalkylbenzene to the transalkylation 
zone. 

12. A process for alkylation of benzene wherein 
benzene is contacted with propylene in the presence of an 
alkylation catalyst to produce-cumene,. said process 
COTiprislng: 

alkylating benzene with propylene in an alkylator to 
produce an alkylation effluent containing cumene, 
diisopropylbenzene, and trl isopropylbenzenej 

separating and recovering from the alkylation effluent 
diisopropylbenzene .and a mixture of diisopropylbenzene and 

tr i isopropylbenzenej 

introducing the diisopropylbenzene Into the alkylator; 

and 

transalkylating said mixture to produce cumene. 
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15. In a pracess for the alkylation of benzene, 
comprising the steps of reacting benzene and olefin in the 
presence of an alkylation catalyst in at least one of an 
alkylator and t ransalkylatar , passing an effluent from said 
alkylator or t ransalky lator through a separation and 
recovery zone comprising a monoalky Ibenzene column to 
separate monoalky Ibenzene from a bottom containing 
polyalkylbenzenes and diphenylalkane , the improvement 
comprising: 

passing a first portion of said bottoms to a 
transalkylator ; stripping a second portion of said bottoms 
to separate polyalkylbenzenes from heav i er components 
comprising di phenylalkane and passing separated 
polyalkylbenzenes to a t ransalky la tor t 

14. In an alkylation process for producing 
monoalky Ibenzene wherein there is produced. in the process 
diphenylalkane byproduct, the improvement comprising: 

contacting diphenylalkane by-product with a zeolite 
catalyst to produce an effluent containing benzene and 
alky Ibenzenes . 

15* The process of Claim 14 wherein said 
diphenylalkane by-product is contained in a portion of. a 
bottom stream recovered from a distillation column for 
recovering monoalkylbenzene. 

16. The process of Claim 14 wherein said • 
diphenylalkane by-product is contained in a portion of a 
bottoms stream recovered from a distillation column for 
recover ing polyalkylbenzenes . 

17. The process of Claim 14 wherein said at least one 
diphenylalkane is selected from the group consisting of 

d ipheny lethane and di pheny Ipropane. 
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18. Th« process of CUim li wherein said 
<„p..nyl.lfca». is contacted with the o.t.l,st a. . 
ten^etatures from about SSO'P to about 800 F. 

* r>T»im IS wherein said tanperatur 

19. The process of Claim 18 wner.?ii 

is from about 450'F to about TOO-F. 

20. The process of Claim U wherel. said heavier 
components are contacted with a .eoUte catalyst at a 
tiperature of from about 35a-F to 800-F to convert 
diphenylalkane to benzene and alky Ibetis^enes . 
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